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An  obstetric  dilemma  may  have  been  a persistent  characteristic  of  human  evolution,  in which  the  bipedal
female’s  pelvis  is  barely  large  enough  to  accommodate  the  birth  of  a large-brained  neonate.  Evidence  in
the  archaeological  record  for mortality  risk associated  with  childbirth  is  rare, especially  among  highly
mobile,  immediate  return  hunter-gatherer  populations.  This  research  explores  the  idea that  if excess
mortality  is associated  with  ﬁrst pregnancy,  females  will  outnumber  males  among  young  adult  skeletons.
The  sample  is  of  246  skeletons  (119 males,  127 females)  representing  Later  Stone  Age (LSA) foragers  of  the
South  African  Cape.  Young  adults are  distinguished  through  incomplete  maturation  of the  medial  clavicle,
iliac  crest  and  vertebral  bodies.  With  26  women  and  14 men  in the  young  category,  a higher  mortalityunter-gatherers
ex determination
ge at death
risk  for  women  is  suggested,  particularly  in the  Southern  Cape  region.  Body  size  does  not  distinguish
mortality  groups;  there  is evidence  of  a dietary  protein  difference  between  young  and  older  women  from
the Southern  Cape. Possible  increased  mortality  associated  with  ﬁrst  parturition  may  have  been  linked
to  morphological  or energetic  challenges,  or a combination  of both.  Exploration  of  the  sex ratio  among
young  adult  skeletons  provides  a tool  for exploring  the antiquity  of  an important  evolutionary  factor.
Publi© 2014  The  Authors.  
. Background to the question
Childbirth has been characterized as “a major source of mor-
ality before about 500 years ago and therefore a major agent of
atural selection” (Trevathan, 2010:98). The basis of the risk is
ormally characterized as the potential mismatch between pelvic
imensions and neonate size. A conﬂuence of recent scholarship
roposes alternate interpretations of those features of human birth
ong known as the obstetric (or obstetrical) dilemma (OD). Evidence
rom archaeologically derived skeletons is not often addressed in
he exploration of this topic.
Based on early studies of pelvic morphology and parturition
mong primates (Schultz, 1949, 1969), the OD has encapsu-
ated the distinctly human balancing point between fetal/neonate
rowth and the birthing challenges imposed by maternal pelvic
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morphology. The core premise is that the altricial condition of
the neonate is necessitated by selective pressures that have con-
strained maternal pelvic capacity. The human female pelvis must
provide an adequate obstetric canal while maintaining character-
istics needed for efﬁcient bipedalism. Relative to other primates,
the human female has an obstetric canal that provides less space
for the neonate’s head and shoulders (Trevathan and Rosenberg,
2000), and solicitation of assistance for the birth event is a common
cultural practice. Grabowski demonstrates that when compared
to apes, the pelvic canal in humans is less integrated with other
pelvic traits, resulting in greater variation in the canal upon
which selection can act. It has been argued that humans have a
greater ability to respond to selection acting on the pelvis, and
obstetric traits have greater independence in their capacity to
evolve (Grabowski, 2012). Recent work has demonstrated that
pelvic measures reﬂecting obstetric capacity are more variable
across populations than would be predicted from ecogeographic
principles, and that the population differences are consistent
with the protection of birth canal dimensions (Kurki, 2011a,b,
2013).
der the CC BY-NC-SA license (http://creativecommons.org/licenses/by-nc-sa/3.0/).
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Modern epidemiological values for mortality risk associated
ith childbirth cannot be directly applied to past millennia, but
hildbirth remains a mortality risk factor throughout the world.
urrent values from the USA attribute 1.7–3.6% of young female
eaths to pregnancy, childbirth and the puerperium (Heron, 2012),
hile careful study of Bangladeshi women generated a value of
7% (Koenig et al., 1988). Compared to subsequent births, ﬁrst-
ime childbirth is a risky undertaking, prone to complication by
ephalopelvic disproportion, fetal presentation, and potentially by
ther complications (Rush, 2000). Stature is not strongly corre-
ated with pelvic canal size (Tague, 2000), but short stature is
ssociated with an increased risk of problem childbirth in mod-
rn medical contexts (Rozenholc et al., 2007; Stulp et al., 2011).
ells et al. (2012) have argued that plasticity in maternal skeletal
rowth, in response to poor health and nutrition during develop-
ent, can result in reduced pelvic size, while neonatal size tends
o track intergenerational signals of environment and neonatal
rain growth (head size) and is protected in conditions of under-
utrition.
Decades of scholarship have identiﬁed the OD as a factor in
keletal design and perhaps in the relative success of past lineages
ince the onset of the distinctly human adaptations of bipedalism
nd encephalization (Wells et al., 2012), yet this perspective has not
een without challenges. Analytically dynamic approaches to efﬁ-
iency in locomotion have generated challenges to the assumption
hat the female pelvis is suboptimal for normal patterns of locomo-
ion (Wall-Schefﬂer, 2012), leading to questions about the nature
f possible selective constraints. A focus on metabolic loads during
uman pregnancy has led to the suggestion that it is the energetics
f gestation and growth (EGG) that constrains the length of ges-
ation, rather than the size of the neonate relative to the obstetric
anal (Dunsworth et al., 2012; Ellison, 2008; Wells et al., 2012).
The exploration of alternate interpretations draws attention to
spects of human development and population demography that
re anomalous within the OD scenario. Menarche occurs after the
eak of height velocity during the adolescent growth spurt, and full
exual maturation occurs a year or two after menarche (Sinclair
nd Dangerﬁeld, 1998). Human pelvic dimensions do not reach full
dult size until several years after maximum stature is reached
LaVelle Moerman, 1982; Tague, 1994) so that fertility, in many
opulations, can precede peak obstetric capacity. This seems incon-
istent with selection for obstetric capacity. In addition, there is
ittle evidence for the patterns of differential mortality that the
D would predict. Wells and colleagues (2012) note that neona-
al mortality has been variable across populations and millennia,
hich is unexpected under conditions of directional selection.
heir approach of comparing apparent perinatal mortality between
unter-gatherers (foragers) and early agriculturists demonstrates
igher mortality in the latter group, consistent with more obstetric
omplications among agriculturists. However, palaeodemographic
pproaches rely on relatively scant information, especially from
ast populations of immediate return hunter-gatherers. Those
amples that provide information about mortality among foragers
rior to the advent of farming come from cemeteries (Bocquet-
ppel and Bar-Yosef, 2008; Bocquet-Appel and Naji, 2006; Wells
t al., 2012). These collective burial grounds and related cultural
eatures reﬂect social organizations that are more complex than
hose of the highly mobile immediate return foraging bands known
rom most of human evolution. Methodological variations in how
dult age at death is quantiﬁed have stalled attempts to identify
ortality patterns among adults. The research reported here seeks
o address these shortcomings.
The skeletons of Holocene foragers from across a broad swathe
f southern-most Africa can be examined for evidence of differ-
ntial mortality. This population shows a long temporal span of
istinctively small adult body size, as seen in some fragmentaryf Paleopathology 7 (2014) 15–24
remains from over 100,000 years ago (Pfeiffer, 2012). Skeletal
remains are scarce for most of the ensuing millennia, but have
been recovered from multiple sites representing the most recent
10,000 years. Pelvic morphology in this population has distinctive
features that appear to have protected the obstetric canal, despite
small body size. The lower planes of the pelvic canal are elongated
in the antero-posterior and posterior aspects, although the inlet
of the canal is small and overall the canal is narrow compared
with other populations, including other small-bodied populations
(Kurki, 2013). Natural selection for obstetric capacity has been
postulated (Kurki, 2007; Kurki et al., 2010, 2008, 2012). We  hypoth-
esize that among these foragers there should be higher mortality
among very young adult women as compared to very young adult
men if there is heightened mortality risk at around the time of a
woman’s ﬁrst pregnancy. The ﬁnal stages of skeletal maturation
can be used to differentiate relatively narrow age categories from
late adolescence to full maturity. If childbirth is a source of mor-
tality among very young adult women, the ratio of female to male
skeletons in this age group will be skewed. If an imbalance in mor-
tality is present, morphological and isotopic variables available for
these skeletons may  provide information about the sources of per-
sonal risk. Given the association of stature with birth difﬁculties,
femoral lengths and head diameters are used as proxies for stature
and mass.
1.1. Holocene foragers of southern Africa
The Later Stone Age (LSA) of southern Africa, from ca. 40,000
BP to European contact, has been well characterized (Barham and
Mitchell, 2008; Deacon and Deacon, 1999; Mitchell, 2002). Archae-
ological evidence and genetic studies (Scheinfeldt et al., 2010;
Schuster et al., 2010; Tishkoff et al., 2009) indicate that contempo-
rary Khoe-San speakers are descendants of an ancestral population
that probably extended north to at least the Kalahari and the Zam-
bezi regions and south to the shores of the South Atlantic and Indian
Oceans. The oldest mitochondrial DNA (mtDNA) haplogroups can
be traced back to about 100,000 years ago. Patterns of mtDNA con-
trol region variation in seven living Khoe-San groups track well onto
known archaeological periods of population growth and expansion
(Schlebusch et al., 2013). There is a correlation between physical
and genetic distance that is consistent with an archaeologically
based reconstruction of geographically stable hunter-gatherers,
and an absence of large-scale migration or population replacement
(Deacon and Deacon, 1999; Mitchell, 2002). The homogeneity of
cranial geometric morphometrics (Stynder, 2006; Stynder et al.,
2007a,b) dental morphometry (Black, 2014; Black et al., 2009), and
diverse osteological measures (Ginter, 2011) further reinforce the
conclusion that the population was  relatively isolated for many
millennia.
Both the ancestral and descendant populations can be charac-
terized as immediate return hunter-gatherers (as per Woodburn,
1982). High levels of terrestrial mobility within locally known
spaces are characteristic of these groups (Stock and Pfeiffer, 2001),
as they exploited a wide range of marine and terrestrial foodstuffs.
Evidence for food storage is scant, as is evidence of items that might
connote differential personal status or role specialization. Features
of their Holocene material culture include hunting with bows and
arrows, the use of composite poisoned bone arrowheads, relatively
short and light spears, digging sticks weighted with bored stones,
and the presence of standardized ostrich eggshell beads that were
prepared using grooved stones (d’Errico et al., 2012). The strong
similarities between the Holocene tool kit and the ethnograph-
ically documented tool kit of Khoe-San foragers, combined with
the physical similarities and geographic continuity of the popula-
tions, have led researchers to assume that cultural practices such as
those regarding marriage and childbirth were also similar between
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olocene ancestors and their descendants (Deacon and Deacon,
999).
Most archaeological evidence comes from rock shelters of
he coastal forelands and from coastal shell middens, with rela-
ively little from the colder, drier interior of the continent. More
avorable climate and better resource availability led people to
luster along the coast where they exploited the fynbos and
fromontane forest biomes. Isotopic analyses of human bone have
omplemented material evidence, demonstrating strong reliance
n marine resources in most contexts (Sealy, 1997; Sealy and
feiffer, 2000; Sealy and van der Merwe, 1988), with different
rophic levels suggesting some inter-community territoriality in at
east one region (Sealy, 2006).
Hundreds of curated skeletons associated with the LSA come
rom contexts that are generally consistent with the hypothesis
hat foragers (immediate return hunter-gatherers) dispose of their
ead (without ritual), as distinct from more complex social struc-
ures that call for burial rituals to emphasize concepts of social
ontinuity (Bowles, 2009; Wadley, 1997; Woodburn, 1982). As with
thnographically described Khoe-San foragers, deceased persons
ere buried soon after death, laid in a ﬂexed position in a grave
ug near the presumed camp, with few or no grave inclusions
Pearce, 2008). Funerary analyses have failed to identify any perva-
ive patterns of special burial treatment of any age or gender class
uring the LSA (Hall, 2000; Inskeep, 1986; Wadley, 1996, 1997).
egional exceptions to this pattern are seen in some mid-Holocene
outhern coast rock shelter burials where inclusions are extensive
Hall and Binneman, 1987; Pearce, 2008) and along the southwest
oast where newborn skeletons are very rarely found (Pfeiffer and
arrington, 2011b).
The oldest burials, from ca. 10,000 BP, have been found in
ock shelters, but rock shelter locales were rarely used for buri-
ls after 1800 BP. Skeletons found in sand dunes have radiocarbon
ates more recent than about 6000 BP. Open landscape burials are
ccasionally found in direct association with shell middens but
re often in otherwise unexceptional sand dunes (Dewar, 2010;
orris et al., 2005, 1987; Pfeiffer, 2013; Sealy et al., 2000; van
er Merwe et al., 2003). Considering the ﬂuctuations in shorelines
uring the Holocene, earlier coastal burials were probably lost dur-
ng high tide events (Herbert and Compton, 2007). Consistent with
xtrapolations from genetic analyses of descendant groups, popu-
ation numbers appear to have grown throughout the Holocene.
n exception to this generalization is seen in the southwestern
egion, where population numbers peaked at about 2000 years
go, then abruptly declined and recovered somewhat (Jerardino,
010, 2012; Pfeiffer, 2013). Within the southwestern region, in the
icinity of 33◦ S, 18◦ E, some skeletons dating from 2200 to 2800
ears ago show evidence of peri-mortem violence. These unnat-
ral deaths may  reﬂect distress associated with over-population.
ound in the ﬁve single and two multiple burials are ﬁve juveniles,
hree women and one man  (Dewar, 2010; Morris, 2012; Morris and
arkington, 1982; Pfeiffer and van der Merwe, 2004; Pfeiffer et al.,
999).
Studies of the LSA skeletons have shown that biological indica-
ors of chronic stress are uncommon. No skeletal signs of infection
re found until the historic period (Campbell and Ackermann, 2011;
feiffer, 2007). The lower limbs of LSA skeletons typically possess
xpanded synovial capsules, that is, tibial imprints on distal femora
nd squatting facets at distal tibiae (Dewar and Pfeiffer, 2004).
hile hyperﬂexion of the ankle joint may  be achieved regardless
f an individual’s physique, maximum ﬂexion of the hip and knee
s limited by ﬂeshy contact rather than the locking of the joint
Trinkaus, 1975). Facets not only on the talus and tibia but also
t the posterior distal lateral femoral condyle (knee) are common
Dlamini and Morris, 2005), and beveling of the acetabulum (hip)
as been reported (Pfeiffer, 2011). This suggests that people weref Paleopathology 7 (2014) 15–24 17
not only petite, they were also lean enough to regularly assume
deep squatting postures.
There is some direct evidence of women’s health difﬁculties
related to reproduction. The skeleton of one older adult woman
from the southern Cape has been described as showing pelvic mod-
iﬁcations that may  have been caused by trauma during parturition
(Pfeiffer, 2011). A 2012 discovery from the southwest Cape may  be
an example of death during pregnancy. A very young adult female
skeleton was found with fetal bone fragments (UCT 616, Lamberts
Bay, OxA-27134, 790 ± 27 BP, uncalibrated).
A small number of skeletons from the last 1000 years have been
found in upright ﬂexed positions, occasionally beneath built rock
cairns. These are believed to be associated with groups practic-
ing pastoralism (Sealy, 2010). Those skeletons, and those whose
isotopic signatures that suggest reliance on domesticates, are not
included in this study.
1.2. Pregnancy and birth among Khoe-San and other foragers
The similarities in body size and subsistence technology make
ethnographic information from contemporary Khoe-San speaking
peoples relevant, although their locale in the Kalahari region (far to
the north of the LSA study region) and possible effects of external,
historic factors (Wilmsen, 1989) is acknowledged. The basic fam-
ily unit is a monogamous couple and their children. Prospective
partners are identiﬁed from among neighboring bands in a region.
Marriage follows courtship and occurs after both have achieved
puberty, with an expectation that the prospective husband will kill
and present a large game animal to his prospective wife’s family.
The wife moves, with her household goods, to her husband’s group.
If a pairing does not go well, for example if pregnancy does not
occur, separation and re-marriage are normal (Lee, 1979; Schapera,
1930).
Observations of early diarists recorded a cultural norm among
Kalahari foragers in which pregnancy was  not a cause for reduced
work, and women resumed their foraging roles almost immediately
after giving birth. A woman in labor would depart the camp with her
mother and some other older women  who acted as birth attendants
(Schapera, 1930). Using observations from prolonged ﬁeldwork,
Howell described childbirth among the ‘Ju/hoansi as occurring “. . .
relatively quickly (over a few hours) without complications.  . . A
half-dozen cases of mothers dying in childbirth have been reported
(mostly in the accounts of their own  mothers). I know of only one
case in which the mother died in childbirth and the child survived,
raised by her maternal grandmother on cow’s milk.” (2010). Howell
recorded a mean maternal age at ﬁrst reproduction of 19.5 years,
and a mean birth weight of 3.08 kg (s.d. 0.46) in ten newborns,
with just one infant falling below the World Health Organization
low birth weight criterion of 2500 g [61]. Harpending’s assessment
of fertility among the !Kung (Ju/’hoansi) documents multiple suc-
cessful births per woman  (Harpending, 1976). Many readers have
been exposed to the rather stoical attitudes toward birth held by
Khoe-San women  through Shostak’s biography of Nisa, a Khoe-San
woman who did not fully accept those expectations (Shostak, 1990,
2000). In contemporary rural Khoe-San communities some women
function as midwives, and birth complications sometimes occur (Le
Roux, 2000). In sum, to the extent to which it was observed prior
to dramatic culture changes, parturition among Khoe-San women
was not characterized as particularly difﬁcult, and neonatal weights
were unexceptional.
Scholarship on other small-scale foraging groups sometimes
report neonatal maternal mortality. Hill et al. (2007) calculate
that the risk of death in childbirth or pregnancy among the post-
contact Hiwi is 1 per 55–75 pregnancies, or 4.4 deaths per 1000
reproductive-aged women  per year; Hill and Hurtado (1996) report
a maternal mortality ratio among the Ache at 1:150 live births, or
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67:100,000; Headland (1989) projects a value of for the Agta of
174:100,000 live births, although he notes the probable effect of
ituational malnutrition.
.3. Other potential life risks for very young adult women
Of the many causes of young adult human mortality, several
ould affect one sex more than the other. Interpersonal vio-
ence, homicide and suicide are presumably human universals.
here has been considerable interest in these phenomena among
mall-scale societies (Lawler, 2012; Pinker, 2011). A study of one
hoe-San group, the !Kung, documented a substantial number of
urders within a relatively small community (Lee, 1979). Rel-
vant to the current study is the great predominance of men
mong those victims, with sexual jealousy as the primary motiva-
or and poison arrows as the weapons of choice. Warfare and group
onﬂict among many cultures, similarly, appear to have mainly
ncreased male mortality, but with some exceptions (Martin and
rayer, 1997). Captive taking with subsequent sacriﬁce, raids for
omen and domestic abuse have in some instances been extrapo-
ated from archaeological evidence (Cameron, 2013; Schillaci and
tojanowski, 2000). All these actions could place young women
n harm’s way. Examples include settings in which young adult
omen were targeted for violence (Tung, 2013). However, a
ominant subtext in this literature is that of conﬂict between
ierarchically organized, competing groups, often with signiﬁcant
igrations of new peoples. While such inter-group conﬂict is possi-
le in the Khoe-San context, it is not likely to have been a dominant
r persistent theme.
The research presented here was designed to explore whether
emographic information from a wide spatial and temporal range
f immediate return foragers can offer some insight into the risks
ommonly encountered at the onset of adulthood in past millennia.
f there is no appreciable risk associated with ﬁrst pregnancy, the
atio of very young adult women to very young men  should not
avor women.
. Materials and methods
This research followed protocols that were reviewed and
pproved by Research Ethics Boards operating within the frame-
ork of the Canadian Tri-Council Policy Statement on Research
thics. In all instances, curatorial procedures of the respective
nstitutions were followed. No permits were required for the
escribed study, which complied with all relevant institutional
egulations. The skeletons in the study come from coastal and
ear-coastal settings in the South African Cape (Fig. S1 and Table
1, online supplementary information). They are curated at several
outh African institutions. Most have direct radiocarbon dates,
nd a few are dated by physical association with dated contexts.
ates range from 9750 to 330 BP (uncalibrated), with those
rom the most recent millennium screened to avoid those with
rchaeological or isotopic indications of pastoralism. The Cape
egion with a strong presence of LSA foragers can be divided into
 southwestern region where the fynbos biome predominates,
 southern region where the fynbos continues but afromontane
orest predominates, and an eastern region, where there is a
onﬂuence of fynbos, afromontane and grassland biomes. Stable
sotope values for carbon and nitrogen are available for many of
he skeletons from the southwestern and southern regions. The
resence of some crassulacean acid metabolism plants confounds
he isotopic analysis of eastern Cape skeletons. Comparison of
table isotope values across regions is complicated by differences
n terrestrial vegetation. The southwestern Cape is predominated
y C3 ﬂora, but the southern Cape includes both C3 and C4 species.
owever, diets in both regions incorporated terrestrial and marinef Paleopathology 7 (2014) 15–24
protein sources that span a broad trophic range. The previously
documented correlation between carbon and nitrogen isotopic
values in the two  regions (Sealy, 1997) suggests that scrutiny of
values from across regions may  at least reveal any broad dietary
differences that may  have been present.
Supplementary Fig. S1 related to this article can be found, in the
online version, at doi:10.1016/j.ijpp.2014.05.005.
Sex of each skeleton has been determined through assessment of
skeletal morphology, with a strong preference for pelvic sex indi-
cators (ventral arc, ischiopubic ramus, greater sciatic notch, and
subpubic concavity and angle). Infracranial sexual dimorphism in
this population is considerable (Kurki et al., 2008). Cranial charac-
teristics were considered only where there was no question that
the cranium was  from the same person as the infracranial skele-
ton. No skeletons of indeterminate sex are included. Curated units
that were excavated many decades ago are sometimes co-mingled,
necessitating their exclusion from this study. Wherever possible,
our sex estimates were compared with those made from the crania
by Stynder (Stynder, 2006; Stynder et al., 2007a,b). Among the 77
units with independent cranial and pelvic sex determinations, there
are eleven disagreements. These were scrutinized with additional
care, and in most cases this brought attention to co-mingling within
the unit. The study sample represents about 80% of the dated adult
skeletal material from the study region. Dated units that are not
included are those from juveniles (Pfeiffer and Harrington, 2011a),
comingled units and isolated crania.
With regard to age at death, the completion of long bone growth
is taken as the signal of the end of adolescence. Prior analysis of
long bone growth relative to dental maturation indicates that this
occurred toward the end of the teen years (Pfeiffer and Harrington,
2011a). Those few adolescents included in this study all show
substantial but incomplete long bone fusion and clear pelvic indi-
cations of sex. The latter indicates that maturation was  sufﬁciently
advanced that sexual maturation may  have been reached.
Very young adults are deﬁned as those with incomplete fusion
of the medial clavicle and/or the anterior iliac crest and/or verte-
bral rings. The normal fusion of the medial clavicle, documented
through assessment of chest radiographs of living people, shows
completion of fusion by ages 24–26 years, with negligible sex differ-
ences (Schmeling et al., 2004; Singh and Chavali, 2011). This makes
the presence of incomplete fusion a suitable marker for someone
who died during those years when a ﬁrst pregnancy would have
been most likely. In the absence of information from the medial
clavicle epiphysis, incomplete closure of the epiphysis along the
iliac crest was  taken as evidence of an age of less than 23 years, cat-
egorized as very young adult. Since closure of the iliac crest occurs
later in males (Scheuer et al., 2000), chronological age at death may
be slightly older for males than females when this criterion is used.
Skeletons with completed fusion of all infracranial components are
classiﬁed as mature adults. This large category includes individuals
with probable ages from the late 20s to well beyond 50 years of age.
The researchers discussed their assessments of these criteria
with one another, over the course of numerous research trips.
Whenever possible, femoral maximum lengths and femoral head
diameters were measured, as well as bi-iliac breadths, although
incomplete preservation leads to very small sample sizes in the
latter category. Bi-iliac breadth was measured by articulating the
right and left hip bones with the sacrum, then using an osteometric
board. During collection of the age, sex and body size information,
the skeletons were also assessed for evidence of healed fractures,
osteoarthritis, and diverse features that might indicate causes of
morbidity or mortality.Power analyses were carried out using the program G*Power
3.1 (Faul et al., 2007) to assess the extent to which a sex-biased
mortality effect can be conﬁdently detected in the skeletal sam-
ple. By convention, the maximum probability of type II error (ˇ)
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Table  1
Odds ratios for age at death in very young versus mature adulthood, by sex and region.
Region Sex N Very younga Matureb Odds ratio (95% CI) 2 (p)c
Southwestern Cape All 98 10 88 1.25 (0.33–4.74) 0.11 (0.74)
Male  54 6 48 1.10 (0.64–1.89)
Female 44 4 40 0.88 (0.40–1.95)
Southern Cape All 81 18 63 0.28 (0.08–0.93) 4.63 (0.03)
Male  36 4 32 0.44 (0.18–1.07)
Female 45 14 31 1.58 (1.11–2.25)
Eastern Cape All 67 12 55 0.60 (0.16–2.23) 0.59 (0.44)
Male  29 4 25 0.73 (0.31–1.72)
Female 38 8 30 1.22 (0.77–1.95)
South and East (Southwest excluded) All 148 30 118 0.40 (0.16–0.96) 4.55 (0.03)
Male  65 8 57 0.56 (0.30–1.04)
Female 83 22 61 1.41 (1.07–1.86)
All  regions All 246 40 206 0.52 (0.26–1.05) 3.42 (0.06)
Male  119 14 105 0.69 (0.44–1.07)
Female 127 26 101 1.33 (1.02–1.73)
a Very young individuals are late adolescents (long bones fused at hip, ankle, elbow) plus very young adults without complete epiphyseal fusion at the medial clavicle or
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( = 0.11, p = 0.74) or eastern ( = 0.59, p = 0.44) regions (Table 2).
Power analyses were computed for the total sample (n = 246)
and the southern Cape (n = 81) samples. Post hoc and a priori
analyses were carried out for these two distributions in order to
Table 2
Descriptive statistics, by sex and region.
Variable (region) Sex n Mean (95% CI) Std Dev
FXL (All)a F 79 401.8 (396.1–407.5) 25.5
M 76 416.7 (411.2–422.1) 23.9
FXL  (Southwest) F 30 407.3 (399.5–415.1) 21.0
M 42 415.5 (407.9–423.1) 24.4
FXL  (South) F 27 401.7 (390.0–413.0) 28.4
M 19 419.1 (405.0–433.1) 29.2
FXL  (East) F 22 394.4 (382.7–406.1) 26.4
M 15 416.8 (408.7–424.9) 14.7
FXH  (All)a F 80 37.5 (37.0–38.1) 2.5
M 81 40.6 (40.1–41.2) 2.4
FXH  (Southwest) F 29 37.8 (36.8–38.8) 2.6
M 45 40.6 (39.9–41.3) 2.3
FXH  (South) F 29 37.3 (36.3–38.3) 2.6
M 20 40.6 (39.4–42.0) 2.6
FXH  (East) F 22 37.3 (36.4–38.2) 2.1
M 16 40.8 (39.4–42.2) 2.6
ı13C (All)b F 75 −13.9 (−14.29 to −13.50) 1.71
M 72 −13.8 (−14.15 to −13.35) 1.71
ı13C (Southwest) F 35 −14.2 (−14.83 to −13.65) 1.73
M 40 −13.8 (−14.43 to −13.21) 1.91
ı13C (South) F 40 −13.6 (−14.12 to −13.07) 1.65
M 32 −13.7 (−14.16 to −13.14) 1.44
ı15N (All)b F 72 13.5 (13.01–14.06) 2.24
M 67 14.2 (13.67–14.65) 2.03
ı15N (Southwest) F 33 13.8 (13.10–14.45) 1.93
M 35 14.7 (14.11–15.25) 1.67liac  crest.
b Mature individuals exhibit complete fusion at all infracranial epiphyses.
c Pearson Chi-Square test for independence of sex and age at death with asympto
hat is acceptable is 0.20; thus, to be conﬁdent in rejecting the null
ypothesis, power (1 − ˇ) must be at least 0.80. The conventional
aximum of 0.05 for allowable probability of type I error (˛) is
sed. The parameters required for power analysis include: sample
ize, signiﬁcance criterion, and population effect size (w) (Faul et al.,
007). By convention, computed effect sizes are considered small
f they are close to w ≈ 0.1, medium if w ≈ 0.3, and large if w ≈ 0.5
Cohen, 1988).
The odds ratios of falling into the very young adult category
ere calculated for females and males across the entire sample
nd region-by-region. Pearson Chi-Square (2) tests of mutual and
onditional independence were used to test the signiﬁcance of
ex-by-age distributions. Binary logistic regression was  used to
nvestigate associations between binary demographic (sex, very
oung adult or mature age at death) and ratio-scale biomet-
ic (stable isotope values and femur size) variables. Signiﬁcant
ogistic regression models were tested for over-ﬁtting using a boot-
trapping validation method with 100 iterations, and adjusted
arameters are reported. Models were compared using asymptotic
ikelihood ratio tests (LRT). Welch’s t-tests (equality of variance
ot assumed) were used to resolve the direction and magnitude
f differences detected among demographic categories. Statistical
nalyses were carried out using SPSS version 20.0 and R 2.15.2 GUI
.53 Leopard build 32-bit for Macintosh (Table 1).
. Results
The 246 skeletons in the sample include 119 males and 127
emales. There are six late adolescent skeletons (two male, four
emale) and 34 very young adults (12 male and 22 female). These
0 skeletons will be hereafter referred to as “very young.” There
re 206 mature adults (105 male and 101 female), hereafter desig-
ated as “mature.” The mature group includes 13 individuals that
ppear to have been very old when they died (extreme tooth wear,
ervasive low bone mass, cranial thinning). There are 67 skeletons
rom the eastern Cape (29M, 38F), 81 from the southern Cape (36M,
5F), and 98 from the southwestern Cape (54M, 44F) (Table 2). The
hree geographic regions show different peaks of burial activity.
he rock shelters of the southern Cape have an average antiquity
f 3871 BP based on uncalibrated radiocarbon dates. This is older
han the mixed rock shelters and coastal dune burials of the eastern
ape (2746 BP) and the predominantly coastal dune burials of the
outhwestern Cape (2408 BP). Nevertheless, the antiquity ranges
f the three regions overlap.sided signiﬁcance.
There are 26 women and 14 men in the very young category,
which suggests a sex disparity. A Pearson Chi-Square test of mutual
independence across all regions fails to demonstrate a sex-biased
distribution of age-at-death (odds ratios for young status [95%
conﬁdence interval]: females = 1.33 [1.02–1.73], males = 0.69
[0.44–1.07], 2 = 3.42, p = 0.06). However, when geographic region
is included in the model, conditional independence is rejected in
the south (2 = 4.63, p = 0.03). When sex frequencies relative to
age at death are compared within regions, females in the southern
Cape have an odds ratio of 1.58 (1.11–2.25) of having a very young
adult age at death. There is no sex difference in the southwest
2 2ı15N (South) F 39 13.3 (12.54–14.14) 2.48
M 32 13.6 (12.78–14.44) 2.25
a FXL and FXH are measured in millimeters (mm).
b Carbon and nitrogen isotope values are measured in parts per thousand (‰).
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etermine the achieved power of statistical tests carried out with
he available sample, and the minimum sample size needed to
chieve power of 0.80, respectively. For the whole sample, where
ll regions are pooled, a post hoc power analysis reveals that the
bserved effect size is small (w = 0.15), and that a total sample of
 = 246 and 2 = 3.42 does not provide statistical power at the rec-
mmended level of 0.80 (1 −  ˇ = 0.67). The a priori analysis reveals
hat a minimum sample of 373 and critical 2 value of 3.84 would
e needed to detect an effect of size w = 0.15 with a statistical power
f 0.80. In the Southern Cape region, the observed effect is stronger
han at the inter-regional scale (w = 0.24) and 2 = 4.63, but with
 = 81, statistical power is still below 0.80 (1 −  ˇ = 0.67). An a priori
nalysis indicates that a minimum sample of n = 134 and 2 = 3.84
s required for an effect of that size to be detected with statisti-
al power of 0.80. Although power analysis suggests that there is a
oderate risk of error if the apparent mortality effect is accepted
s true, the signiﬁcant Pearson Chi-Square results suggest that a
eal pattern of higher female mortality risk may  exist among very
oung adults and it appears to be concentrated in the Southern
ape region. Additional tests explore the question of whether very
oung females can be distinguished in ways that may reﬂect mor-
ality risk. Metric and isotopic variables can be used to explore
hether there are associations with the apparent excess in very
oung female mortality.
A plot of femur length relative to radiocarbon dates illustrates
hat skeletons from the very young category persist throughout
he time period under study (Fig. 1). Average values for maximum
emur length and femoral head diameter are very similar for the
wo age groups. Very young adults are not distinguishable from
ature adults (Table 2). In terms of temporal trends, the pres-
nce of two very small young adult females at around 3000 years
able 3
inary logistic regression.
Modela Sex Likelihood ratio 2 b Model
Agee ∼ FXL F 0.13 0.00 
M  0.36 0.01 
Agee ∼ FXH F 0.00 0.00 
M  2.81 0.05 
Agee ∼ ı13C F 6.38 0.10 
M  1.52 0.04 
Agee ∼ ı13C + Regionf F 15.41 0.23 
Agee ∼ ı15N F 0.57 0.01 
M  2.15 0.06 
Regionf ∼ ı13C F 2.76 0.04 
M  0.15 0.01 
Regionf ∼ ı15N F 0.67 0.02 
M  5.04 0.02 
Sexe ∼ ı13C 0.27 0.00 
Sexe ∼ ı15N 2.95 0.03 
Sexe ∼ ı13C + Regione,f 1.58 0.01 
Sexe ∼ ı15N + Regione,f 3.16 0.02 
Sexe ∼ FXL 13.52 0.09 
Sexe ∼ FXH 54.72 0.39 
Sexe ∼ FXL + FXH 53.03 0.38 
a Model written as Response ∼ Predictor1 + . . . Predictork .
b Likelihood ratio 2 calculated for the whole model.
c R2 adjusted for overﬁtting when model p < 0.05 using a bootstrapped validation meth
d Exponentiated  ˇ coefﬁcients approximate the odds ratio of an increase in the respon
e Age, sex and region are coded as dummy  variables: Very Young = 0; Mature = 1; Male 
f Stable isotope values are available for southern and southwestern Cape regions only.
* Addition of a second predictor signiﬁcantly improves model (likelihood ratio test p < 
ns No improvement of model by addition of a second predictor (likelihood ratio test p >Fig. 1. Maximum femur length (n = 155) against C dates (uncalibrated) for skele-
tons  in this study. Young adults appear throughout the period of study (ca. 9000–300
BP).  See text for discussion of two  very small young adult females between 3000 and
2000 BP.
ago has a strong inﬂuence on the shape of the distribution. A
quadratic regression of the 13 very young adult female femoral
lengths against radiocarbon date is signiﬁcant (R2 = 0.442, F = 5.76,
p = 0.02), whereas a regression of the 62 mature adult female values
against date is not (R2 = 0.002, F = 1.06, p = 0.35).
Bi-iliac breadth measurements are available for 46 of the skele-
tons. The mean value for 22 males is 204.9 mm (s.d. 3.3) and for
24 females it is 210.5 mm (s.d. 2.9). Unfortunately, this measure-
ment is available from only two  very young adult skeletons. These
two females, both from the southern Cape, are quite disparate
in body size. Their bi-iliac breadths of 191 mm (NMB1640, max
femur length 377 mm)  and 225 mm  (NMB 1704, max  femur length
 R2 c Predictor ˇd Std error p
FXL 0.00 0.01 ns
FXL −0.01 0.01 ns
FXH 0.01 0.12 ns
FXH 0.24 0.14 ns
ı13C −0.57 0.26 0.03
ı13C −0.27 0.23 ns
Model 0.00*
ı13C −0.48 0.27 0.07
Regione,f 2.51 1.09 0.02
ı15N −0.11 0.15 ns
ı15N −0.28 0.20 ns
ı13C −0.23 0.14 ns
ı13C −0.06 0.14 ns
ı15N 0.09 0.11 ns
ı15N 0.29 0.13 0.03
ı13C −0.05 0.10 ns
ı15N −0.14 0.08 ns
Model ns
ı13C −0.06 0.10 ns
Regione,f −0.38 0.33 ns
Model ns
ı15N −0.16 0.08 ns
Regione,f −0.16 0.35 ns
FXL −0.02 0.01 0.00
FXH −0.51 0.08 0.00
Model 0.00ns
FXL −0.62 0.11 0.00
FXH 0.02 0.01 ns
od with 100 iterations.
se variable for a one-unit increase in the predictor.
= 1; Female = 2; Eastern Cape = 1; Southern Cape = 2; Southwestern Cape = 3.
0.05).
 0.05).
S. Pfeiffer et al. / International Journal of Paleopathology 7 (2014) 15–24 21
Table  4
Welch’s t testsa for stable isotope signal across demographic categories.
Outcome ∼ Factor Sex H1 t (tails) df p Mean 1 Mean 2
ı13C ∼ Age F V.young /=  Mature 2.65 (2) 20 0.02 −12.91 −14.10
ı13C ∼ Regionb F South > West 1.66 (1) 71 0.05 −13.59 −14.24
ı13C ∼ Age (South) F V.young /=  Mature 1.96 (2) 23 0.06 −12.87 −13.90
ı13C ∼ Age (South) F V.young > Mature 1.96 (1) 23 0.03 −12.87 −13.90
ı15N ∼ Region M South /= West −2.24 (2) 57 0.03 13.59 14.68
ı13C ∼ Sex Both Male /= Female 0.51 (2) 145 ns −13.75 −13.90
ı15N ∼ Sex Both Male > Female 1.72 (1) 137 0.04 14.16 13.54
ı15N ∼ Sex Both Male /= Female 1.72 (2) 137 0.09 14.16 13.54
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a Unequal variances assumed.
b Stable isotope values are available for southern and southwestern Cape regions
53 mm)  represent almost the full size range of values observed in
his population. While it would be ideal to compare measurements
f the pelvic canal, neither of these very young adult females is
ufﬁciently preserved to enable a full complement of pelvic canal
easures to be taken. Preservation conditions of the skeletons vary
igniﬁcantly, and key canal landmarks such as the ischial spines,
fth sacral vertebrae, and ischial tuberosity tend to be poorly pre-
erved.
With regard to stable isotopes, bone collagen values for car-
on and nitrogen are available for 22 skeletons in the young adult
ategory (6M, 16F) and 117 in the mature adult group. As noted
arlier, the eastern Cape cannot be included in this analysis. With
he southwestern and southern Capes about equally represented
n = 76 and 72, respectively), and very similar numbers from each
ex (Table 2), a comparison of the groups may  provide some indi-
ation of differences in habitual diets. Values for ı15N do not vary
y age group in either sex. Mean ı15N is slightly higher in males
female mean ı15N = 13.6‰,  male mean ı15NF =F 14.2‰; 1-tailed
 = 1.72, p = 0.044), but the regression model fails to reach signiﬁ-
ance, meaning that ı15N is not a signiﬁcant discriminatory variable
R2 = 0.023, p = 0.086). In males, binary logistic regression shows
hat ı15N differs between the southwestern and southern Cape
egions (R2 = 0.05, p = 0.02; south mean ı15N = 13.6‰,  southwest
ean ı15N = 14.7‰;  2-tailed t = −2.23, p = 0.029). ı15N does not vary
y region in females.
Values for ı13C do not vary by sex or by age in males. In
emales, less negative ı13C is a signiﬁcant predictor of age at death
R2 = 0.104, p = 0.03): very young individuals are more positive
n the heavy carbon isotope (young female mean ı13C = −12.9‰,
ature female mean ı13C = −14.1‰). The higher proportion of very
oung females from the southern region suggests that they may  be
riving the effect. When ı13C and region are both included, the
odel is signiﬁcantly improved (R2 = 0.24, p = 0.012; LRT p < 0.001).
owever, no signiﬁcant interaction effect is found (LRT p = 0.864).
 1-tailed t-test of ı13C by Cape in females is marginally signiﬁcant
t = 1.66, p = 0.051; mean south ı13C = −13.6‰;  mean southwest
13C = −14.2‰), while a 1-tailed t-test of the hypothesis that young
emales have more positive ı13C values than mature females in
he southern Cape region is signiﬁcant (t = 1.96, p = 0.03; young
ean ı13C = −12.9‰,  mature mean ı13C = −13.9‰). This suggests
hat ı13C and region have a largely additive relationship with age
mong the females: there are more young females from the 13C
nriched southern Cape, and within that group the young females
ave more positive average ı13C values than the mature females.
Binary logistic regression was used to explore the relative effects
f these body size and dietary variables on the probability of early
dult mortality (Tables 3 and 4). This analysis shows that age-at-
eath in either sex is not related to body size as reﬂected in femur
ead (FXH) size or maximum length (FXL). Both femur measure-
ents are sexually dimorphic although femur head is the better
iscriminator (FXL R2 = 0.09, p < 0.001; FXH R2 = 0.394, p < 0.001).
ikelihood ratio testing shows that adding FXL to a FXH model doesnot improve the prediction (LRT p = 0.200). Thus, body size is not
informative here.
4. Discussion and conclusions
The sample that forms the basis for this study is limited to
skeletons that include sufﬁcient infracranial material to ascer-
tain sex and to approximate the age at death. Only skeletons
that could be conﬁdently assigned to age categories, namely prior
to the completion of skeletal maturation or subsequent to that
point, were included. Particular reliance was placed on matura-
tional indicators of the medial clavicle, iliac crest and vertebral body
regions. This approach is robust because it avoids the imprecision
and biases associated with estimations of age at death across the
adult spectrum, and the arbitrary practice of categorizing skeletons
into decadal or smaller cohorts. Less pronounced sexual dimor-
phism in other populations (Walker et al., 1988) may  make this
approach somewhat challenging to build upon, but we believe it
holds promise.
Our exploration of 246 skeletons from Holocene foragers
has identiﬁed some evidence for excess mortality among young
females in the years immediately after they became sexually
mature. The skeletons included in this analysis were not excavated
from a single cemetery, but they represent a culturally homoge-
neous cohort of immediate return foragers whose burial practices
did not treat sexes differently. While this sample is admittedly a
small fraction of the thousands of Khoe-San ancestors who lived
in southern-most Africa during the Holocene, it is nevertheless a
relatively unbiased sample, because of the consistency in peoples’
approach to burial, the isolation of the population and the stability
of subsistence practices. Assessment of archaeological and ethno-
graphic sources fails to identify other risks to life that would have
been speciﬁc to young adult females of the LSA population. While
the sample size is not large enough for the pattern to be deﬁnitive, it
is strongly suggestive, especially within the region with the largest,
oldest sample: the southern Cape. Considered collectively, the risk
of death during the years from about 18 to 24 years of age is twice
as high for women as for men.
Premature death among very young adults is seen throughout
the time span under study. This study strongly suggests that height-
ened risk of death associated with parturition is likely to have been a
stressor faced by this population, perhaps particularly in the south-
ern Cape region. The difference is strongest (and signiﬁcant) in the
southern Cape region, while in the southwest and eastern regions
the sex-by-age effects are not statistically signiﬁcant. Indeed, in the
southwest there are more young male deaths than expected. This
may be linked to the period of heightened interpersonal violence
in this region. When variables of body size and diet are explored,
only the stable carbon isotopes are found to distinguish the south-
ern Cape women  who  died young. Their ı13C values indicate higher
trophic level protein sources (for example, more seal meat relative
to shellﬁsh). However, the absence of differences in ı15N appears
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o preclude this. Further exploration of these dietary patterns may
e helpful.
Insofar as the number and distribution of preserved femora and
elves in this assemblage can inform us about body size, femoral
easurements indicate that those persons who died young were
ot smaller than those who survived into later years. Body size does
ot vary signiﬁcantly by age at death in either sex. There is some
ndication that very petite young women contributed dispropor-
ionately to a transient drop in linear dimensions seen during a
eriod about 3000 years ago (Ginter, 2011; Pfeiffer, 2013; Pfeiffer
nd Sealy, 2006), but very young adult mortality is not limited
o that period. Applying the argument that differential plastic-
ty between mother and fetus intensiﬁes the obstetric dilemma,
ery small females in the LSA population may  represent women at
ncreased risk of maternal mortality.
Taken together, the various explorations of body size and dietary
nteractions do not identify any clear factor or group of body
ize or diet factors that correlate with mortality risk among very
oung adult women. The pelvic measurements that are available
or this sample are inadequate to explore questions about obstet-
ic adequacy in younger versus older women. Within the range of
nformation about these peoples’ lives that is available, there are no
lear differences in linear dimensions, trunk dimensions or dietary
ources between younger and older adults, either male or female.
he very young adults who failed to survive are not distinguishable
n any other aspect of their lives, to the extent that they have been
tudied to date.
This study takes a novel approach to the exploration of human
ortality risk. It compiles information from a broad temporal and
patial swath of single burials. By distinguishing late adolescents
nd very young adults and comparing sex ratios within that subset,
t provides evidence that there may  have been heightened mor-
ality risk among newly fecund women in this population. Studies
rom other times and places have identiﬁed other factors – like
nterpersonal violence and preferential access to resources – that
an create sex bias in mortality distributions. However, in this study
he available information fails to identify unique factors that would
lace very young women at an increased risk of death, aside from
hildbirth. We  acknowledge that the available sample size of 246
keletons is insufﬁcient to rigorously test competing hypotheses.
owever, burial practices and subsequent taphonomic factors are
uch that preferential preservation of the focal group – young adult
omen – is highly unlikely. Our results are, at the least, suggestive.
While these results do not preferentially support any of the com-
eting hypotheses about the OD, prior studies of this population
ay  provide relevant observations. Studies of a broader range of
elvic morphology have documented not only the distinctive pelvic
hape of this population, but also substantial within-population
ariation, suggesting that pelvic shape was under selective pres-
ure. A documented example of eburnation and joint lipping in
ssociation with pelvic bone asymmetry in an older adult female
Pfeiffer, 2011) may  provide evidence that pelvic morphology could
rove marginally adequate or even inadequate during parturi-
ion. Young adult demographic information, as provided here, can
upplement morphological studies and can provide evidence of
ifferential mortality that would drive natural selection. It supple-
ents demographic information about neonatal mortality (Wells
t al., 2012), which is another way that obstetric difﬁculties can be
racked.
Proposals that the risk of parturition may  be linked to the ener-
etics of gestation and growth (EGG) are amenable to exploration
hrough general life history characteristics such as body size and
iet. The variably short stature of LSA foragers, combined with the
ear ubiquity of squatting facets and tibial imprints, suggests that
embers of this population were both small and lean. This implies
hat food energy may  have been a chronic limiting factor. This, inf Paleopathology 7 (2014) 15–24
turn, makes the EGG hypothesis attractive. While stable isotope
analyses can be used to explore the categories of foods exploited,
they do not provide information about the consistency or adequacy
of the diet. Whatever life history characteristics may  have inﬂu-
enced young adult female survival, this study demonstrates that
the risks were not episodic. Rather, they applied throughout the
time period under study at a moderate to low intensity.
While the foragers described here lived relatively recently,
their lifestyle was akin in many respects to that of the environ-
ment of evolutionary adaptedness (Foley, 2005). There is evidence
that throughout the time period studied young adult females
in this population experienced a slightly higher risk of death.
We surmise that this risk was  linked to the onset of their peak
fecundity, namely that pregnancy and childbirth were occasion-
ally fatal for reasons that are not clear. Evidence compiled by Wells
and colleagues (2012) suggests that young adult female mortal-
ity increased proportionally with the onset of more sedentary life
ways and dependence on agricultural food production. It is possible
that women in those settings were subject to the same health risks
when pregnant, or perhaps there were other factors introduced
by these pervasive subsistence changes. Across the human evolu-
tionary landscape, perhaps there has been more than one obstetric
dilemma. While human females have faced fundamental challenges
to metabolic energetics through the demands of gestation and
fetal growth (the EGG hypothesis), there may  have been additional
stressors introduced in more sedentary times in the form of infec-
tious and nutritional deﬁciency diseases, disruptions to growth and
the like. Further exploration of the obstetric dilemma through char-
acteristics of past life histories may  be productive.
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